The response uniformity of a 90;290 cm RPC prototype working in avalanche mode has been tested using cosmic rays. The high statistics needed for the test has also been used for accurate e$ciency studies. The intrinsic detector ine$ciency free, from spacers e!ects has been measured.
Introduction
The response uniformity is an essential requirement for large RPC [1, 2] systems, such as those utilized as trigger detectors in LHC experiments or in cosmic ray physics. Indeed, disuniformity of the detector response inside a single chamber would limit the extension of the e$ciency plateau. Moreover, inomogeneities among di!erent chambers would result in a complicate high-voltage distribution and control system.
The study of the performances of a real size ATLAS RPC prototype [4] , reported on this paper, has been performed using cosmic rays in the INFN laboratories of the university of Rome`Tor Vergataa.
Experimental layout
The experimental layout used in the present experiment is described in Fig. 1 , which shows the test chamber together with the four RPC stations used for tracking cosmic muons. The size of the chamber under test is 90;290 cm. The tracking stations 1}3 have comparable sizes, but only 16 strips per view are read-out, so that the sensitive area is 50;50 cm. The lowest tracking station is a single-gap RPC, 50;50 cm wide, located under a 15 cm thick lead shielding. The test chamber is movable with respect to the monitor telescope for scanning the entire area.
All the chambers work in avalanche regime with a gas mixture composed of C H F , C H and SF in the volume ratios 96.65/3.00/0.35. Results with 0.5% SF are also reported. The read-out strips of all RPCs are 2.9 cm wide and the pitch is 3.1 cm. The monitor chambers work at 9.6 kV; their signals are ampli"ed by a factor of 10 and discriminated with a threshold of 15 mV.
A scheme of the test chamber read-out is shown in Fig. 2 : the RPC signals are ampli"ed with a two-stage ampli"er (gain"250, bandwidth" 160 MHz), made of commercial components, and discriminated with a threshold of 60 mV. The trigger signal, is the threefold coincidence between the ORed short strips of the layers 2}4. It is 60 ns shaped and is used to latch the signals from the monitor and from the test chamber, which are 100 ns shaped. Due to the lead shielding, the muons selected by the trigger system have energy above 200 MeV.
Description of the tracking algorithm
The tracks used in the analysis are selected according to the following criteria:
E only one cluster of size 43 strips in each layer of the monitor RPCs; E straight trajectory reconstructed in both projections of the monitor chambers with /dof(1.1.
The distribution of the reconstructed impact points on the test chamber is shown in Fig. 3 . The spike structure in the distribution is due to the discrete position of the hits on the monitor chambers. The resolution of the tracking is better than 1 cm, as can be seen from the distribution of the residuals in Fig. 4 for events having cluster size 43 strips in the test chamber. The multipeak shaped distribution is due to the structure of the reconstructed impact points of 
Response uniformity test
A potential source of disuniformity is the gas gap thickness. To ensure its uniformity, the detector layout is characterized by a regular array of polycarbonate spacers [4] at a "xed distance of 10 cm from one another. The large-scale ('10 cm) uniformity has been investigated by subdividing the test chamber into 12 pads of area 50;50 cm, covering the whole detector surface with some overlap. For each pad, the e$ciency has been measured at di!erent operating voltages; the tested RPC is considered e$cient if there is a cluster matching the reconstructed track.
In order to take into account, the di!erent environment conditions during data-taking, operating voltages have been normalized [3, 5] according to the formula: <"< ;(¹/¹ );P /P, where < , P and ¹ are the operating voltage, pressure and absolute temperature; < is the voltage normalized at ¹ "293 K and P "1010 mbar. In Fig. 5 , the e$ciency plots for transverse and longitudinal strips are shown. The operating voltages corresponding to 50% detection e$ciency are contained within $60 V for all the pads. Interpreting this in terms of gap disuniformity, it corresponds to a variation of $13 m on 2 mm, to be compared with the maximum spacer thickness tolerance, which is $15 m.
Ine7ciency analysis
A detailed analysis of the detector ine$ciency has been made using a sample of about 53 000 muons collected all over the chamber-sensitive area at a normalized voltage of about 9.7 kV. In order to study the intrinsic detector e$ciency, the OR of longitudinal and transverse strips is considered for e$ciency calculations. The overall e$ciency on the sample is "(98.560$0.052)%.
With the purpose of studying the short-scale (410 cm) uniformity, we report in Fig. 6 the distribution of the ine$ciency as a function of the distance, r, between the reconstructed track and the centre of the closest spacer.
The distribution exhibits a peak at r"0 cm, due to the spacers, extending till to r"r "2.2 cm because of the coarse tracking resolution. For r'r the ine$ciency is independent of r, and it is interpreted as the chamber intrinsic ine$ciency (1! ) "(0.584$0.036)%. A detailed sketch of a spacer is shown in Fig. 7 ; the spacers contribution to the ine$ciency can be schematized by describing them as an insensitive circle of radius r . In such a scheme the e$ciency for r(r is given by "( r ! r )/ ( r ) , which allows to evaluate r as r "r ;(( ! )/ . The plots of Fig. 8 show that r is independent of the operating voltage. The values obtained from the large-statistics sample and from the "ts . The total number of primary ionizations inside the gas gap, estimated from the Argon primary ionization normalized for the atomic number of tetra#uoroethane, is n "17.
of Fig. 8 are consistent with each other. Their average is 1r 2"(0.531$0.008) cm, which is to be compared with the actual spacer radius, r "0.6 cm. As shown in Fig. 7 , the spacers subdivide an RPC into elementary squared cells of side l"10 cm, which is equal to the distance between two contiguous spacers. The spacer's contribution to the overall ine$ciency can therefore be evaluated as (1! ) "( r )/l"(0.886$0.027)%, which is larger than the intrinsic ine$ciency.
The intrinsic ine$ciency plots for the two considered gas mixtures exhibit a shift of about 200 V between them.
Intrinsic ine7ciency and primary ionization
If we interpret the ine$ciency as the`zero-probabilitya of a Poisson distribution, the intrinsic ine$ciency can be parameterized as (1! ) "e\L, where n is the average e!ective number of primary ionizations contributing to detector e$ciency in the actual set-up. The plots of n"ln 1/((1! ) ) are shown on Fig. 9 . For e$ciencies above 70% (n'1.2) the data "t a straight line. In Table 1 the angular coe$cient, B, and the voltage extrapolated at n"0, < , are reported for the two gas mixtures.
Conclusions
The operating voltage of a large size RPC was found to be uniform within $60 V over the whole detector area.
Spacers are the principal source of ine$ciency and their contribution to the overall ine$ciency does not exceed the value expected from their size (1% of the total detector-sensitive area).
The intrinsic detector e$ciency well inside the plateau region is better than 99.5%. The e!ective number of primary ionizations, which determines the intrinsic e$ciency, increases linearly with the operating voltage up to a value of about 7.
